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A b s t r a c t .  On t h e  basis of s p e c t r a l  measurements made from t h e  Space 
S h u t t l e  and on models of the p o s s i b l e  Space S t a t i o n  e x t e r n a l  environment ,  it 
appears  l i k e l y  t h a t ,  even a t  t h e  planned a l t i t u d e s  of Space S t a t i o n ,  photon 
e m i s s i o n s  w i l l  be induced. These emiss ions  w i l l  occur  t o  some degree  
throughout  t h e  u l t r a v i o l e t - v i s i b l e - i n f r a r e d  spectrum. The emiss ions  a r i s e  
from a combinat ion of p r o c e s s e s  i n c l u d i n g  gas  phase c o l l i s i o n s  between 
r e l a t i v e l y  e n e r g e t i c  ambient and s u r f a c e  e m i t t e d  o r  re -emi t ted  atoms o r  
molecules ,  where t h e  s u r f a c e  r a i s e s  some s p e c i e s  t o  e x c i t e d  energy s t a t e s .  A t  
t h e  p r e s e n t  t i m e  it is  n o t  p o s s i b l e  t o  model t h e s e  p r o c e s s e s  o r  t h e  
a n t i c i p a t e d  i n t e n s i t y  l e v e l s  wi th  any accuracy,  a s  a number of fundamental  
parameters  needed f o r  such c a l c u l a t i o n s  are s t i l l  p o o r l y  known or unknown. 
However, it is p o s s i b l e  tha t  c e r t a i n  s p e c t r a l  l i n e  and band f e a t u r e s  w i l l  
exceed t h e  d e s i r e d  g o a l  t h a t  contaminant  emiss ions  n o t  exceed the n a t u r a l  
z o d i a c a l  background. However, i n  t h e  near  i n f r a r e d  and i n f r a r e d ,  it appears  
t h a t  t h i s  l e v e l  w i l l  be exceeded to  a s i g n i f i c a n t  degree.  Therefore  it w i l l  
be n e c e s s a r y  t o  monitor  emiss ion  l e v e l s  i n  t h e  v i c i n i t y  of Space S t a t i o n ,  bo th  
i n  o r d e r  to  e s t a b l i s h  t h e  l e v e l s  and t o  bet ter  model t h e  environment.  I n  t h i s  
n o t e ,  w e  b r i e f l y  d e s c r i b e  a small spec t rometer  t h a t  is s u i t a b l e  for moni tor ing  
the spectrum from 1 2 0 0  A t o  512,000 A .  This i n s t r u m e n t  u s e s  focal plane array 
d e t e c t o r s  to image this full spectral  range s imul taneous ly .  The spectral  
r e s o l u t i o n  is 4 t o  1 2  A ,  depending on the  p o r t i o n  of the wavelength range. 
I n t r o d u c t i o n  
I n f o r m a t i o n  on the n a t u r e  of induced opt ical  glows and h a l o s  near  space  
v e h i c l e s  i s  l i m i t e d  a t  p r e s e n t ,  and fundamental  s p e c t r a l  c h a r a c t e r i s t i c s  have 
n o t  y e t  been measured. While t h e  u n c e r t a i n t i e s  are l a r g e ,  p r e l i m i n a r y  s t u d i e s  
(see, f o r  example, Torr  1988; Fraser e t  a.l., 19881 i n d i c a t e  t h a t  s p e c t r a l  
emiss ion  l e v e l s  n e a r  Space S t a t i o n  should  be monitored on a r o u t i n e  basis. W e  
have developed a small imaging s p e c t r o m e t e r  which can be r e a d i l y  accommodated 
fo r  t h e  purpose of measuring induced s p e c t r a l  contaminat ion  over  a wavelength 
range e x t e n d i n g  from the  u l t r a v i o l e t  t o  t h e  near  i n f r a r e d .  A schemat ic  
i l l u s t r a t i o n  of the i n s t r u m e n t  i s  shown i n  F igure  1 .  The d e s i g n  takes 
advantage of s t a t e - o f - t h e - a r t  technology,  and what h a s  been l e a r n e d  i n  t h e  
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p a s t  t e n  y e a r s  of deve loping  imaging s p e c t r o m e t e r s  f o r  u s e  i n  space ,  t o  
achieve  c o n s i d e r a b l e  d a t a  g a t h e r i n g  c a p a b i l i t y  i n  a compact package t h a t  i s  
very  undemanding i n  terms of r e s o u r c e  requirements .  Two of t h e  u n i t s  shown i n  
F igure  1 are r e q u i r e d  t o  cover  the  f u l l  wavelength range d i s c u s s e d  h e r e ,  
Compact Spectrometer Design 
The o p t i c a l  c o n f i g u r a t i o n  of t h e  i n s t r u m e n t  i s  shown i n  F igure  2. An o f f -  
a x i s  p a r a b o l i c  t e l e s c o p e  m i r r o r  images the f i e l d  of view onto  the e n t r a n c e  
s l i t  t o  t h e  spec t rometer .  The s l i t  is fol lowed by a concave, a b e r r a t i o n -  
c o r r e c t e d  g r a t i n g  which acts as both the d i s p e r s i o n  and the f o c u s s i n g  
element.  The spectrum is  then  imaged on t h e  f o c a l  p l a n e  d e t e c t o r  system which 
c o n s i s t s  of an i n t e n s i f i e d  charge coupled d e v i c e  (CCD) a r r a y .  As w a s  
mentioned above, t w o  such u n i t s  are r e q u i r e d  t o  cover  t h e  f u l l  wavelength 
range  of 1200 8, t o  $12,000 A ;  one cover ing  the u l t r a v i o l e t  (1200 A t o  4000 A )  
and the  second c o v e r i n g  t h e  v i s i b l e / n e a r  i n f r a r e d  (4000 t o  512,000 A ) .  The 
spectrum from 1200 A t o  -v12,000 8, is  imaged s imul taneous ly .  Therefore  t h e r e  
are no temporal  a m b i g u i t i e s  i n  c o r r e l a t i n g  one p a r t  of the spectrum w i t h  
another .  This c a p a b i l i t y  i s  impor tan t  i n  a s s e s s i n g  t h e  f e a t u r e s  a t  times when 
t h e  environment might be changing r e l a t i v e l y  r a p i d l y  ( f o r  example; t e r m i n a t o r  
c r o s s i n g s ,  a r t i c u l a t i o n  of payload elements ,  v e n t i n g s ,  e tc . ) .  
As the wavelength range of each u n i t  'exceeds t h e  e f f e c t i v e  range of any 
s i n g l e  photocathode material, t h e  image i n t e n s i f i e r s  used h e r e  are h i g h l y  
customized w i t h  one ha l f  of t h e  i n t e n s i f i e r  window coated  w i t h  one material ,  
and t h e  other h a l f  coa ted  w i t h  another .  Furthermore,  the g r a t i n g  is d i v i d e d  
i n t o  sub-elements.  The l o n g e r  wavelength channel  i n c o r p o r a t e s  a m a t r i x  of 
f o u r  g r a t i n g s ,  each des igned  f o r  a segment of the wavelength range (4000 t o  
6000 A ,  6000 t o  8000 A,  8000 t o  10,000 A ,  and 10,000 t o  12,000 A ,  
r e s p e c t i v e l y ) .  The g r a t i n g s  are i n d i v i d u a l l y  des igned  and a l i g n e d  i n  such a 
way t h a t  a l l  f o u r  produce a f l a t  spectrum on the same image p lane .  The focal 
p l a n e  is d e f i n e d  by t h e  window of t h e  image i n t e n s i f i e r .  I n  t he  case of t h e  
v i s i b l e / n e a r  i n f r a r e d  channel ,  h a l f  of the photocathode is S20, and h a l f  i s  
S1.  The image p l a n e  is i l l u s t r a t e d  i n  F i g u r e s  3 and 4. 
t he  photocathode i s  C s T e  on one h a l f  (1200 8, t o  2000 A )  and b i a l k a l i  m a t e r i a l  
on t h e  o t h e r  h a l f  (2000 8, t o  4000 8 ) .  
The d e t e c t o r  is a g e n e r a t i o n  I1 proximity-focussed image i n t e n s i f i e r  which 
is f i b e r - o p t i c a l l y  coupled t o  t h e  s u r f a c e  of a 488 x 380 element  CCD. The 
d e t e c t o r  i s  a c o n t i n u a t i o n  of s e v e r a l  y e a r s  of development i n  t h i s  area by our  
group (see Torr e t  al,., 1986) .  The CCD is  cooled t o  -30 O C  t o  reduce thermal  
n o i s e ,  and t h e  longer  wavelength channel  has  t h e  photocathode cooled  t o  -0 OC 
f o r  t he  same reason.  The CCDs are cooled u s i n g  t h e r m o e l e c t r i c  c o o l e r s  and 
h e a t  pipes are used t o  remove t h e  h e a t  to a c o l d  p la te  o r  p a s s i v e  r a d i a t o r .  
t h e  d e s i g n  and performance are given elsewhere ( T o r r  e t  a l . ,  1988) .  
I n  the case of the u l t r a v i o l e t  channel ,  t he  g r a t i n g  is s p l i t  i n t o  two and 
The basic i n s t r u m e n t  parameters  are shown i n  Table  1 and f u r t h e r  d e t a i l s  of 
S e n s i t i v i t y  
I n  o r d e r  t o  be able to  assess whether t h e  induced s p e c t r a l  environment 
exceeds t h e  g o a l  f o r  such contaminat ion ,  namely, t h e  z o d i a c a l  background, t h e  
moni tor ing  i n s t r u m e n t a t i o n  should  be capable  of measuring down t o  t h e  l e v e l s  
of the  n a t u r a l  background. The z o d i a c a l  background v a r i e s  wi th  p o s i t i o n  
r e l a t i v e  t o  t h e  Sun and a l s o  wi th  wavelength.  However, l e v e l s  of 0.1 t o  0.2 
R/A are t y p i c a l  f o r  much of t h e  v i s i b l e  and near  i n f r a r e d .  
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The i n s t r u m e n t  s e n s i t i v i t y  f o r  a l i n e  s o u r c e  is computed from 
(counts / sec /R)  1 o6 ‘e 
S = - o A , Q * ~ o  
- 4ll 
where 6 i s  t h e  combined r e f l e c t a n c e  of t h e  o p t i c s  and qe i s  t h e  quantum 
e f f i c i e n c y  of t h e  d e t e c t o r  photocathode. To e v a l u a t e  t h i s  i n  t h e  v i s i b l e ,  
where t y p i c a l  m i r r o r  r e f l e c t i v i t i e s  are 95% and a g r a t i n g  e f f i c i e n c y  of 50% i s  
r e a s o n a b l e ;  E: = 0 .45 .  
t h e  c o l l e c t i n g  area p e r  channel  ( 4  c m 2 )  and 5 2 ,  t he  so l id  a n g l e ,  i s  4.48 x 
sr, so for a l i n e  emiss ion  i n  t h e  v i s i b l e ,  
An average  va lue  f o r  qe i n  t h e  v i s i b l e  i s  -10%. A i s  
Sline = 0 . 5 7  counts/sec/R. 
For a continuum emiss ion  t h e  s e n s i t i v i t y  would have t o  be modif ied by t h e  
number of Angstroms p e r  p i x e l  m u l t i p l i e d  by the number of p i x e l s  i n  a s l i t  
image; i .e.,  2000 A/488 x 3 = 1 2  A.  
:. s = 6.84 counts/sec/R/A. con t i nuum 
From t h i s  w e  can compute t h e  time t h a t  would be needed t o  measure a 0.1 R/A 
s i g n a l  t o  a s i g n a l  t o  n o i s e  r a t i o  of 5. The t i m e  r e q u i r e d  i s  36 seconds.  
i n c r e a s e s  by a f a c t o r  of 4.  I n  t h e  near  i n f r a r e d ,  t h e  S 1  photocathode 
material i s  s u b s t a n t i a l l y  less s e n s i t i v e .  To measure to  t h e  1R/A l e v e l  with a 
s i g n a l  t o  n o i s e  r a t i o  of 5, a f i v e  minute i n t e g r a t i o n  i s  r e q u i r e d .  
For t h e  W, t h e  a p e r t u r e  and s l i t  l e n g t h  i s  doubled and so t h e  s e n s i t i v i t y  
Summary 
A n  i n s t r u m e n t  w i t h  t h e  p r o p e r t i e s  d e s c r i b e d  above would provide  a v a l u a b l e  
moni tor ing  d e v i c e  f o r  purposes  of e v a l u a t i n g  l e v e l s  of contaminat ion  emiss ions  
i n  t h e  v i c i n i t y  of t h e  Space S t a t i o n ,  and t o  provide  d a t a  necessary  t o  an  
u n d e r s t a n d i n g  of t h e  processes t a k i n g  p l a c e  i n  t h i s  environment.  
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Table  1. Summary of Ins t rument  Parameters  
O p t i c a l  Performance VIS/IR Unit  UV Unit  
wavelength range,  A 




d i s p e r s i o n  
r e s o l u t i o n  
( a t  3 p i x e l s )  
f #  p e r  channel  
f o c a l  l e n g t h  
s l i t  l e n g t h  
s l i t  width 
f i e l d  of view 
Ins t rument  
9800 - 11,800 
7800 - 9,800 
5800 - 7,800 
3800 - 5,800 
4 A/pixel 
1 2  A 
6.25 
125 mm 
7 m m  
0.1 mm 
3.2O x 0.045O 
2000 - 4000 
1200 - 2000 
4 A/pixel;  2 A/pixel  
1 2  A; 6 8, 
3.1 
125 mm 
1 4  mm 
0.1 mm 





30 x 20 x 70 c m 3  
20 w a t t s  
6 kgms 
30 x 20 x 70 c m 3  
20 watts 
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INTENSIFIED - CCD 
DETECTOR 
ILLUSTRATION OF IMAGING SPECTROMETER 
Figure  2. O p t i c a l  c o n f i g u r a t i o n  of compact spec t romete r ,  i l l u s t r a t i n g  the 





























5800 - 7800A 
7800 - 9800A 
1.0 mm (12 PIXEL BUFFER ZONE1 




FIGURE 1.22 PROJECTION OF SPECTRAL IMAGE 
ON INTENSIFIED-CCD DETECTOR SYSTEM 
Figure  4. P r o j e c t i o n  of s p e c t r a l  image on in t ens i f i ed -CCD d e t e c t o r  s y s t e m .  
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